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The management of electric arc furnace dust, or EAF dust, has become an important issue for EAF steel 
makers. Zinc content in the dust is generally 20・30 mass%, depending on the characteristics of the scrap 
charged in the furnace, the operating period, the specification of the steel produced, and so on. EAF 
dust is c1assified as hazardous waste in most countries. There are two main approaches for dealing with 
EAF dust: recyc1ing for metal recovery, or stabilization before landfilling. These approaches are 
becoming increasingly restrictive and expensive because of the limited number of offsite processing 
plants and the limited success of emerging technologies. EAF dust treatment creates some advantages, 
such as adding the value of hazardous waste and reentered zinc and iron to the economic cyc1e. To 
conserve the growth of EAF dust generation in the 向田re， several metal recovery processes have been 
developed that utilize either pyrometall町gical， hydrometallurgical or hybrid pyro-hydro techniques. 
However, only the pyrometallurgical processes have achieved commercial success, such as the Waelz 
kiln process, with some environmental problems, such as CO2 emission and a large energy cons田nption
leve1. 
???
The objective of the present work is to establish the basic principles of a new, environmentally friendly 
and cost-effective dust treatment process which enables the recovery of zinc metal from EAF dust 
without carbothermic reduction. It should also allow the recovery of iron as the raw material in iron 
making, along with a reduction in hazardous elements, in order to promote on-site EAF dust treatment 
for steel makers and increase the recycling rate of zinc from EAF dust. The principle flowchart of this 
new approach for recovery of zinc from EAF dust is shown in Figure 1. The proposed process can be 
divided into two steps. The first step is the "CaO addition process" and the second step is the "Zinc 
separation process from CaO treated dust" 
This PhD thesis is organized into eight chapters. Chapter l, as the Introduction, describes the 
background of this study, provides a statement of the problem of EAF dust, details the conventional 
dust treatment process, and the current approach to of EAF dust treatment. There is also a literature 
review and the objectives of this work. 
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Chapter 2 shows the result of the CaO addition process, which is the key technology to overcome 
the problems of ZnFe204. ZnFe204 in EAF dust conversion to ZnO and Ca2Fe205 as the chemical 
reaction equation below. 
ZnFe204(S) + CaO(s) = ZnO(s) + Ca2Fe20 5(S) .................... (1) 
Three different EAF dust samples were experimentally analyzed and the results show that all of the 
ZnFe204 was transformed into ZnO at a low temperature at 900°C in only 1 hour with CaO addition at 
l.lCalFe molar ratio. However, excess CaO above the stoichiometric is necessary at higher 
temperatures. Moreover, lower iron or ZnFe204 concentrations in EAF dust result in less CaO 
consumption. 
Chapter 3 describes the behavior of the components in the dust during CaO treatment. The obtained 
results show that the volatilization of ZnCh in EAF dust can be avoided by CaO addition. The 
evaporation of lead, cadmium, chlorine and fluorine in the EAF dust during CaO treatment drastically 
improve through an increase in temperature and preferential removal at 1100°C for 1 hour. 
Chapter 4 discusses the application of a hydrometallurgical process of the selective leaching of zinc 
from CaO treated dust by NaOH. The effect of temperature, reaction time, NaOH concentration and 
solid/liquid ratio were investigated. The optimal conditions for zinc removal are a temperature of 70°C, 
2M NaOH, SIL ratio= 1/300, and a holding time of2 hours while Ca2Fe205 remained in the residue. 
Chapter 5 discusses the application of a hydrometallurgical process of the selective leaching of zinc 
from CaO treated dust by N~Cl. The effect of temperature, reaction time and N~Cl concentration 
were investigated. The optimal conditions for zinc removal are a temperature of 70°C, 2M N~Cl, S/L 
ratio= 1/300, and a holding time of 2 hours while 20% of calcium was extracted. 
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Chapter 6 describes the reduction of ZnO in CaO treated dust with metallic iron. In this study, the effect 
of temperature, reaction time and molar ratio of Fe/ZnO were investigated. It was found that all of the 
ZnO was completely reduced by metallic iron at 1000°C for less than 2 hours at the stoichiometric ratio 
of iron addition. Pure metallic zinc was obtained while Ca2Fe20s and FeO remained in the residue 
briquette. Moreover, steel mill scrap may be used as a reducing agent, but requires a longer reaction 
time of 3 hours and a double molar addition of steel scrap. 
Chapter 7 shows a Material Flow Analysis (MFA) of the zinc associated with steel production in 
Thailand in 2008. The estimation result shows that 104 x 103 t of EAF dust was generated from EAF, 
and this product contained 30 x 103 t of zinc. Nowadays, almost the entire amount of EAF dust 
generated in Thailand is dumped in factory backyards, or in landfill. 
A short summary of each chapter is presented in Chapter 8. The new process is fundamentally more 
ecologically desirable, with lower energy consumption and fewer steps necessary to obtain metallic zinc 
than the conventional process. Moreover, the residue can be recycled and used in the iron and 
steel-making process. 
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論文審査結果の要旨
本論文は、電炉製鋼法における副生物である電炉ダストの中間処理に着目し、 Waeltz 法に代表される従来の炭
素熱還元法に代わる石灰添加法の物理化勃句基礎原理を明らかにしたものであり、全6 章より構成される。
l 章は緒論であり、電炉ダスト処理の現況について述べた上で、既往研究のレビューと本研究の目的と意義、
各章の概略を記述している。
第2 章では、実炉から排出される電炉ダストと石灰との反応性を系統的に調べ、ダスト中の主成分であるジンク
フェライト(ZnFe204) と石灰との反応相封書について系統的に明らかにした。ダスト中の初期鉄濃度に対して石灰を
Ca/Fe (モル比)で1. 3'"'-' 1. 4 になるように配合し、 10000C程度、大気中で約 2時間保持すれば、難溶性、難量元性
の ZnFe204 は全て ZnO とダイカルシウムフェライト (Ca2Fe205) に転化されることを実験的に示した。従来の Waeltz
法では、約 12000Cで8時間程度の処理を必要とするので、石灰蹴日法は従来法に比べてエネルギー負荷が著しく少
なくて済むことが示唆された。
第 3 章では，電炉ダストの石灰処理過程における亜鉛、鉄以外の元素類の挙動について実験的に検討した。その
結果、ダスト中の塩素、フッ素等のハロゲ、ン、鉛、カドミウム等の揮発↑錦故量重金属類は、いずれも優先的に揮発
し、石灰処甜去はJlw"'ロゲ、ン、脱鉛の機能を持つことが示された。また、ダスト中の塩化酪創立、石灰共存化で揮
発が抑制され、酪白歩留まりを向上させる効果があることを、実験およひ害事力判明斬によって示した。
第 4 章では、石灰処理電炉ダストからの金属酸白回収法を検討するために、 NaOH、問4Cl水瀦夜を用し、た湿式処
理法について検討しt4， その結果、石灰処理によってダスト中の難溶性の ZnFe204 は全て ZnO に転化されているた
め、いずれの水協夜を用いてもダスト中の野合は容易に浸出することが示された。間4Cl水溶液を用いた場合には、
pH が低値であるために Ca2Fe205が 15%程度溶出するが、温度と瀦夜濃度を制卸することによって、ダスト中の全て
の野合を浸出されることができる。従って、後の割弱采取法によって酪白を金属として回収でき、残濯を脱リンフ
ラックスまたは高炉原料として回収できることが示された。
第 5 章では、銃墨元法による石灰処理電炉ダストからの乾式亜鉛回収法を実験的に検討した。石灰処理ダストに
金属鉄粉または鉄研削屑を混合し、減圧下吋眼拠理すると、ほぼ全ての ZnO が還元揮発し、低温部に金属酪白を
凝縮させることが出来た。石灰処理過程でハロゲ、ン、鉛類が全て揮発除去されているため、得られた金属酪合の純
度は高く、残濯もほぼ純粋な Ca包Fe205 として回収できることが示された。
第 6 章は結論であり、上記各章を総括すると共に、 LCA によって従来法に対する石灰処甜去の優位性を定量旬こ
示した。
以上、本論文では、唯一の離合リサイクルパスで、ありながら、世界的に中間処理法の改善が望まれてしも電炉ダ
スト克明こつして、従来の炭素著書還元法とは全く原理が異なる石灰処甜去に着目し、その動車処理条件と反応#封書
を物理イヒ勃句に明らかにした。本論文は、資源、戦晦上における鉄鋼廃棄物の位置づけ、および電炉ダストリサイク
ルの可能性について、重要かっ活劇的な基礎的な知見を与えており、環境科学および素材製造プロセス工学の発展
に寄与するところが少なくない。
よって，材命文刷専士(環境科学)の学{立論文として合格と認める。
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